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The vcar 1981 was a landmark one 
in which two separate repons linked 
exposure toenvironmental tobacco 
smoke ( ETS ) with Ibng cancer in 
nonsmokers.A cohort study. of 
Japanese females and a case-control 
studv of Greek w omen reponed an 
increased risk of lung cancer among 
nonsmoking women whose husbands 
smoked. These initial 1 reports and 
most studies that have been published 
during the decade since then have 
compared female nonsmokers manned: 
to smokers with female nonsmokers 
manned to nonsmokers. The assump¬ 
tion is that the findings for female 
nonsmokers are generaUzable to all 
nonsmokers. The causal association 
of lung cancer with active smoking 
was cstablished in large pan toy stud- 
ies that included a preponderance of 
males. This was not because of any 
expected gender-relkted differences in 
exposure response, tout simpli* because 
when this relationship was under in¬ 
tensive investigation in'the 1950s 
and 1960s most longtime smokers 
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A FEW FAST FACTS 

✓ Second-hand smoke is now-clas¬ 
sified by the US Environmental 
Protection Agency as a group A 
carcinogen. 

✓ Only 23 substances have been de¬ 
clared known human carcinogens. 

✓ The article below- provides fur¬ 
ther impetus for the passage of 
workplace smoking restrictions 
by local and state governments. 

✓ On an annual basis, 3,000 lung 
cancer deaths are attributed to 
second-hand smoke. 

✓ Second-hand smoke is also im¬ 
plicated in childhood respiratory 
illnesses and increases the severity 
of asthma attacks in children 

—M. R. S. 
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W’cre male. Today the majorin’ of 
lifetime nonsmokers with lung cancer 
are females; hence, the concentration 
of studies of women. 

The most studied! ETS association 
has been derived from the spouse's 
smoking history. Partially this is be¬ 
cause it is usually a physically close 
relationship with shared living quar¬ 
ters and because recall of this expo¬ 
sure should be optimal. The chemical 
composition of sidestream smoke is 
the same, of course, regardless of 
who is smoking the cigarette. In terms 
of the regulation of ETS V exposures 
outside the home have greater rele¬ 
vance, but few studies have examined 
these exposures. 


Mulficenter US Study 

In late 1985, a multicenrcr US study 
was initiated to evaluate the associa¬ 
tion of ETS with the risk of lung can¬ 
cer in nonsmoking females. The study 
was designed to minimize some of 
the methodolbgic problems that have 
been discussed in review of ETS lung 
cancer studies by the National Re¬ 
search Council and the International 
Agency for Cancer Research, among 
others. 3 + These included misclassifi- 
cation of smoking status, inaccuracy 
of case diagnosis and! cell type, recall 
bias, ETS exposure ttom sources in 
addition to the spouse, and!inadequate 
control of potential confounders. The 
findings of the first 3 years of this 
study arc summarized here.' 

This was a population- based casc- 
control study oflung cancer in women 
who never used any type of tobacco; 
Tobacco use was defined 1 as >100 
cigarettes smoked or any other to¬ 
bacco used for >6 months. Geograph¬ 
ically the study included five metro¬ 
politan areas—Atlanta, Houston, 
Los Angeles, New* Orltans, and the 
San Francisco Bay area—representing 
a population base of approximately 
18.5 million people. 

Study Methods 

Rapid case ascertainment proce¬ 
dures, which inchidcd weekly or bi¬ 
weekly review’ of patholbg\’ reports 
from hospitals in the study, w ere used 
to identify potentially eligible lbng 
cancer cases. On completion ofthe 
case ascertainment, >17,500:potential¬ 
ly eligible cases were screened. These 
cases included English-, Spanish-, 
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or Chinese-speaking tcmaJbs from the 
ages of 20:to 79 who hadd hjstopath- 
ologicaJli confirmed diagnosis of pri¬ 
mary carcinoma of the lung prior to 
death: no history of cancer, and were 
lifetime nonsmokers. 

Two control groups were selected 
to evaluate response bias, which is al¬ 
ways a consideration'in comparisons 
of ill cases and healthy-controls, The 
first control group (population con¬ 
trols V was selected! by randonvdigk 
dialing and supplemented by random 
sampling from the Health Care Fi¬ 
nancing Administration of women 
ages 65'and older. Controls were fre¬ 
quency-matched tocases based on 
age (<50, 50 to 59, 60 to 69, and 
>70) in a 2:1 control-case ratio: They 
met the same eligibility criteria as 
cases tbr age, residence, language, and 
tobacco use. 

A second control group selected 
consisted of females from the ages of 
20 to 79'who had a diagnosis ofpri- 
man- carcinoma of the colon and met 
the same language, history of cancer, 
residence, and tobacco use criteria. 
This group was matched to cases by 
10-year age groups and race. 

A mulustep procedure was used to 
determine lifetime smoking status. 
The medical record of each potential¬ 
ly eligible lung cancer case and colon 
cancer control was reviewed for in¬ 
formation on'tobacco use. Patients 
identified in the medical record as 
current or former smokers were com 
side red ineligible. The physicians of 
lling cancer cases and colon cancer 
controls who were still considered po¬ 
tentially eligible were then contacted 
for additional! information on tobacco 
use. Potential study subjects with lung 
cancer and colon cancer who were 
identified as current or former smok¬ 
ers by their physicians were consid¬ 
ered ineligible. This screening proce¬ 
dure not unexpectedly eliminated a 
larger proportion 'of lung cancer cases 
than colon'cancer controls. All re¬ 
maining potentially eligible study sub¬ 
jects (cases and both'types of con¬ 
trols) were contacted by telephone 
to elicit information on tobacco use. 
Women who reported smoking >100 
cigarettes or using any other form 
of tobacco for >6 months were con¬ 
sidered: ineligible. At the time of the 


interview, these same questions were 
repeatedito confirm each'Study sub¬ 
ject’s reported nonuse of tobacco. 
About 4% of otherwise cligiblb wom¬ 
en withilung cancer were found to 
be nonsmokers after this mulustep 
screening procedure. 

All of the interviewers were non- 
smokers to eliminate the unlikelV pos¬ 
sibility of contaminating any urine 
sample. At the time of the interview, 
a urine sample was requested by the 
interviewer from each study subject. 
The specimens were stored at -20 C 
until shipped to the American Health 
Foundation for analysis of cotinine 
and creatinine. This biochemical de¬ 
termination was used as a verification 
of current smoking status to exclude 
study subjects who were likely to be 
currently active smokers. Overall, 
about 2% of the study subjects were 
excluded from further analysis be¬ 
cause of cotinine/creatinine levels of 
>100 ng/mg. This level was chosen 
to eliminate persons most likely to be 
active smokers and allow for the pos¬ 
sibility of very high ETS exposures. 6 
Of the population controls that were 
tested, 0.3% oflung cancer cases, 
2.6% of colon cancer controls, and 
2% of population controls were de¬ 
termined to be ineligible by this cri- 
tcrium. The lower proportion of cases 
with cotinine levels >100 ng/mg in 
our study, compared to colon cancer 
control and population controls, is 
likely to be the result of prior med¬ 
ical record reviews and physician 
queries used to screen out smokers 
from the lung cancer and colon can¬ 
cer control scries. The information 
was more commonly available from 
these sources for 1 ting cancer cases; 
therefore, a larger proportion of po¬ 
tential cases were excluded as ineli¬ 
gible prior to obtaining the urine 
specimen. The extensive procedures 
taken in this study to screen for to^ 
bacco use minimized the misclassifi- 
cationof smokers as nonsmokers. 

In addition to obtaining pathologic 
reports for each case, representative 
slides were requested from the hos¬ 
pital to confirm and uniformly classi¬ 
fy each case . Slides were available for 
85% of the cases and were reviewed 
by one pathologist who specialized in 
pulmonary pathology. After review,, 


2%were found to be ineligible and 
were excluded from the srudv. One ori 
the specific aims of the study was to 
evaluate the histologic specificirv of 
the ETS-lung cancer association bv 
examining the relationship for each 
of the main histologic types. A high 
proportion of the cases were adeno¬ 
carcinomas (around 75% consistent 
across all study centers j; therefore; the 
report considered the association of 
ETS with all primary lung cancers and 
primary pulmonary adenocarcinoma. 

Results 

The estimated risk oflung cancer 
in nonsmokingwomen that is associ¬ 
ated with living with'a spouse who 
smoked was approximately 30%, re¬ 
gardless of which control I group was 
used in the comparison. An> increase 
in the risk of approximately 50% was 
observed for adenocarcinoma of the 
lting compared to each control group. 
Separate analyses were conducted for 
subjects who personally responded 
and for those whose information w as 
obtained from surrogate respondents. 
The findings were consistent for self- 
and proxy-respondents. .All odds ra¬ 
tios were adjusted: for age, race, geo¬ 
graphic region, respondent type, in¬ 
come, and education. An approxi¬ 
mate 30% risk of lung cancer associ¬ 
ated with spousal ETS exposure per¬ 
sisted after an additional adjustment 
was made for the consumption of 
vegetables (the most significant food 
or nutrient factor), family history 
oflung cancer, and employment in> 
high-risk occupations or industries/ 
Household radon levels were deter¬ 
mined in a sample of case and control 
homes under separate funding. Radon' 
levels are quite low in all of the areas 
included in our study: < 1% of all 
homes tested had levels of >4 pCi/L. 
The observed increased risk oflung 
cancer associated:with ETS exposures 
is unlikely to result from confounding 
by radon, diet, or other such factors. 

A positive dose response was ob¬ 
served for all lung cancers and pul L 
monarv adenocarcinomas with sev¬ 
eral measures of spousal ETS, includ¬ 
ing dose, duration, and pack-years 
(Table 1 )i The trends were simiikr but 
tended to be Higher for pulmonary 
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Table 1. Adjusted Odds Ratios for All Lung Cancer 
and for Adenocarcinoma of the Lung Associated 
with Pack-Years of Exposure from Spouse(s) (95% Cl)* 


Rack-Years 

All Lung Cancer 

Adenocarcinoma of the Lung 

0 

1.0 

1.0 

<15 

0.96 (0.72-H29) 

1.03 (0.73-1.46) 

15-39 

1.13 (0.81-1.59) 

1.26 (0.85-1i87) 

40-79 

1.25 (0.86-1.81) 

1.49 (0.98-2.27) 

>80 

1.33 (0.68-2.58)i 

1.70 (0.82-3.49) 


P,,.* - 0.07 

Put*} < 0.01 i 

* Adjusted fori age, 
dence interval. 

race, study area, annual income, 

and education. Q indicates canfi- 


Table 2. Association Between Risk of Lung Cancer 
and Adult Exposures to Cigarette Smoke Among 
Nonsmoking Women: Adjusted Odds Ratio (95% Cl)* 


1 Exposure Source 

All Lung Cancer 

Adenocarcinoma of the Lung 

Spouse 

Other household members 
Occupational 

Social* 

1.21 (0.96-1.54) 
1.23 (0.97-1.56) 
1.34 (1.03-1.73) 
U58. (1.22-2.04) 

1.38 (1.04-1.82) 
1.39(1.05-1.82 
1.44 (1106-1.97 
1.60(1119-2.14 


•Adjusted for oge,,race t study 
dence interval. 

area, annual income, and education. Q indicates confi- 


adenocarcinoma than ail lung cancers 
combined. 

Exposure to ETS from various 
sources during aduJt life was evaluated, 
in addition to spouse-related expo¬ 
sures. Exposures to cigarette smoking 
from other household members, on 
the job, and in other activities of 
adult life—ie, “social exposure" of 
>2 h/wk from'sources other than, 
occupational or household—were 
associated overall with. 40% to 60% 
significant elevations in the risk of 
adenocarcinoma of the lung and all 
lung cancers combined (Table 2);. 
Significant positive trends of increase 
ing risk with increasing years of ex¬ 
posure were found!in each exposure 
setting. 


No association was found between 
the nsk of lung cancer and childhood 
exposures to cigars, pipes, cigarettes, 
or all tobacco types-combined. These 
exposures were limited to the first 18 
years of life, after which exposures 
were attributed to adult Life. 

Summary 

The findings of this study—which 
included methods to evaluate recall 
bias, minimize misclassification of 
smokers as nonsmokers, ensure accu¬ 
racy of diagnosis and classification of 
lung cancer, and adjust risk estimates 
for potential confounders—arc con¬ 
sistent with and extend the findings 
of numerous published reports that 


did not address all of these issues The 
overall 30% increased nsk associated 
with ETS exposure horn a smoking 
spouse is remarkably close to the 25% 
to 34% estimates of the evaluation of 
relevant studies in the 1986 report of 
the National Research.Council. The 
significant positive dose response to 
exposure to tobacco smoke within 
households, in.occupational settings, 
and in social settings during adult 
life strongly supports an enologic role 
of ETS in 1 ting cancer in nonsmokers 
and extends the findings from the 
home into the workplace and public 
settings. 
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